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Flexible Tunnel Material Selection 



Flexible Tunnel Material Selection 

1. Introduction 

t 

c 

If a HOST application is chosen that requires a tunnel it would be an 
inflatable structure. The candidate material or materials for the 
construction of the tunnel will not only have to meet the strength 
requirements but also the requirements associated with crew safety 
and ground and space environment effects. 

Two applications of flexible materials in orbiter applications are 
the astronaut’s space suit and the Spacelab transfer tunnel flexible 
sections. 
of fabric, steel beads and fillet. 
unidirectional cloth coated with Viton B-50 elastomer with each ply 
biased at i 15 degrees to the flex element centerline. Overall 
thickness of the composite is approximately 0.11 inches with the 
individual thickness of the Nomex being approximately 0.025 inches. 
Each ply of Nomex is coated on each side with approximately 10 mils 
of Viton. A ten mil thickness of Viton is added to the inner and 
outer surfaces during the layup. 
continuous wraps of 0.037 diameter steel wire which tested to an 
ultimate strength of over 15,000 pounds. 
protect the flexible element from falling debris is constructed of a 
stretch-type cloth of Kevlar 29 sewn at each side to preformed and 
precoated Nomex tapes which are fastened to the inner rings by clamp 
bars. Viton B-50 elastomer and Nomex cloth were chosen because of the 
long life and off-gassing, flammability requirements. 

The flexible sections of the tunnel consisted of two plies 
The fabric consists of Nomex 

The bead itself was made from 51 

The debris shield used to 

Goodyear Aerospace Company (GAC) conducted a search for exisiting 
materials for space applications through an industry survey and 
literature review. A material selection criteria, consisting of the 
following, was applied to the candidate materials. 

a. 

b. 

C. 

d.. 

Crew safety associated with avoidance of 
ability and toxic hazards. 

flamn- 

Ability to withstand ground environment 
effects, including humidity, temperature 
extremes and fungus. 

Compatibility with the space environment, con- 
sidering mechanical properties, thermal con- 
ductivity, gas tightness, micrometeoroid pro- 
duction, and packageability. 

Mass properties efficiency. 

1 



2. GAC Material Selection Conclusions 

The GAC study regaxding nonflamnability outgassing, oxygen 
permeability and temperature effects yielded the following 
conclusions: 

a. 

b. 

C .  

d. 

e. 

f. 

No available plastic films, flexible 
adhesives or thin gage elastomers were found that 
could meet Category A upward flame propagation rate 
test requirements in a pure oxygen environment. 
However the shirt sleeve environment of the 
POWER tunnel may considerably reduce this rate 
especially for the slow burn materials. (Table 1 )  

It is feasible to construct a satisfactory 
flame/gas barrier from a combination of 
nonflamnable materials in a manner to 
enable a composite wall system to pass an 
upward flame propagation test. 

A 3-layer "flame barrier" element consisting of 
aluminum foil/Refrasil cloth/aluminun foil 
proved to be the best of several investigated. 
(Because of the high melting point of the 
Refrasil cloth and the heat sink 
characteristics of the aluminum foil, the 
system affords excellent shielding for 
only a small additional weight.) 

GAC recommended that NASA adopt a pressurized 
diaphragm flamnability test (or one similar) to 
determine the effects of a sizable fire on the 
surface of an inflatable structure wall. (This 
test was important in the selection of the XPB- 
14A flame/gas barrier design by GAC.) 

Low temperature deployment w8s considered to be 
the most critical requirement for any expand- 
able space structure. Cold temperature 
behavior of the Xn=-4 and X"C-6 wall systems 
were investigated during the qualification test 
phase of the GAC program. 
demonstrated satisfactory deployment 
capabilities for both systems at -5 
with possible deployment capabilities extending 
to a maximum of -43 degrees F. 

Fold tests 

degrees F 

Maximum and minimum limits of heat transfer 
attainable with X"C-4 and XX-6 wall systems are 
expected to provide most ranges anticipated for 
future space mission structural design 
requirements. 

2 



. 

c 

TABLE 1 SUMMARY OF OUALIFICATION TESTS PERFORMED ON SUBCOMPOSITE 
AND TOTAL COMPOSITE FINAL CANDIDATES 

Component 
nNIlD/G81 \ XP6-14A 

Oarrimr. 

X 

X 

X 

X 
X 
X 
X 

X 

X 

X 

X 

Structurc 

XSL.3 
L8y.r. 

Ylcrom 
Doroil 
BDrrle 
XYBJ 

X 

X 

Ou1.r 
Corer, 
XOC.2 XTCd 

X 

X 

x (20 C;I 
Dpoelmon 
UPPl1.d I 

NASA) 

X 

X 

X 

X 

XTC-6 

X 

X 

X 

X 

x g o  c x c  
~poolmona 
.r*P(W u 

NASA) 

X 

X 

X 

X 

X ( 9  

X 

I 
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g. 

h. 

i. 

j. 

A step-by-step fabrication process of Xn=-4 and 
XTC-6 wall systems was defined in sufficient 
detail to produce space structures of "flight 
hardware" quality. 

Inflatable/expandable structure technology is 
now available for manned space mission 
applications such as space station structures, 
airlocks, lunar shelters, and other 
applications. 

Strength-to-weight ratio comparisons of 
expandable versus-conventional hard structures 
were determined to be nearly equal at the time 
of the 1970 study program. 

Comprehensive NASA-WSTF laboratory tests of 
single layer materials and flame/gas barrier 
composites substantiated material selections 
and evaluations by GAC. Table 2 presents the 
summary of test results obtained on these 
materials. 

3. GAC Test Module Evaluation 

The results of GAC's qualification test program were not totally 
conclusive regarding potential effects of temperature upon 
packageability and deployment capabilities due to limitations 
inherent in testing small two-dimensional samples. Therefore, a 
cylindrically configured 3-foot-diameter, 5-foot-long structural test 
module was fabricated: 

a. 

b. 

C. 

The design operating pressure was 14.7 psi with 
a safety factor of 3 (successfully 
demonstrated). 

Packaging attained an inflated ratio of 4:1, 

The module demonstrated satisfactory deployment 
characteristics in a vaccum environment at temp- 
eratures as low as -30 degrees F. N o  structural 
degradation was demonstrated during a 14.7 psi 
proof pressure test following low-temperature 
deployment. 
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CARION (a) 
MONOXIDE, 

WAX. ALLOW 
1I.O 

srnigrn 

TABLE 2 SUMMARY OF TEST RESULTS OBTAINED ON MATERIALS SUPPLIED 
TO NASA-WSTF FOR EVALUATION 

UPWARD FLAME PROPAOATION RATE 
W (s) loo1 OXYCIEN AT 11 PSU 

ODOR TEST (a) 

TWICKNES! 
IN. 

MANUFACTURER 
OR SOURCE MAX. ALLOW. SCORE. 1.I MATERIAL - 

PROPACA, 
TlON RAT1 

INnEC 

¶.sa 

0.aa 

0.00 

a.31 

- 

o m o  

0.00 

a.sa 

0.00 

0.00 

0.00 

10.00 

1.1) 

OBSERVATION 

Moann t o n  
Fluoral Adheairo 

RL.37aa FlUeNl 
Adhaaho 

91677 Bola Febrlc 

AaW 3% Flrn 

Yoahom 10614 
Fluorml Sponge 
KPB-10 Compoma 

K w o n  Fllm 

LIto flax K Z I  
Lsbntom foam 

E-100.11 
ReIraall 
[PB-14. 
:ompoalto 

111 Whlta Sa 
* d v n t u  Follrn 

I D  817 Vhol 
Ldhoolvm 

CP8-14A-1 (d) 
:ompoolta 

(b) 
0.001 

(b) 
0.001 

0.007 

0.001 

0.010 

0.06I 

0.0001 

0.71 

0.014 

0.070 

1 .oo 

(e) 
0.001 

0.010 

0.1 

0.1 

0.1 

0.3 

0.0 

0.1 

0.1 

0.1 

0.1 

0.1 

0.2 

0.1 

0.1 

0.3 

0.4 

0.4 

0.4 

0.1 

0.0 

0.3 

0.0 

0.4 

0.4 

0.1 

0.S 

1.3 

1 .o 

0.a 

1 .a 

1 .1 

0.4 

1 .a 

0.4 

i .a 

1.4 

0.1 

t 

TOA 

TEMP. OF 
INITIAL W. 

LOSS. 
DEG. C 

116 

- 
- 

as0 

b311 
300 

941  

a0 

71 

-as 

1 $0 

BO 

10 

MSC 
TEST 

REPORT 
NUMBER 

PTA 

DEO. c 100.0 UO DEO. F 

- 
TEMP. OF 

M U .  END0 
THERY. 
CEG. c 

Nmm 

- 
N.m. 

N m o  

21 0 
NOM. 

N m a  

Mona 

Nmno 

SO 

Mono 

10 

None 

MATERIAL 

Y a l t n  1- 
Fluoral Adhemtwo 

RL-31VS Fluuml 
Adhaalrm 

81677 Bela F ~ i 8  

AoW 330 PYn 
Ywltea T o s a c  
Fluorol Soonam 
XPB-10 Compoana 

Kmpton Cllm 

Lho Flex K 1 0  

c.100-za 
Rmlrao11 

KPB-14A 
:ornpooltm 
11-4 Whlte 5. 
*oiveatu Fwm 

I D  (17 Vllml 
Lohmaiwm 

LMOOtOO F o m  

~P0-14A- l (d)  
:mrnero~cm 

1.1 

0.1 

1.3 

1 .3 
0.. 

4.8 

:.r 

4.1 

0.a 

0 . )  

a.a 

1.4 

1.1 

a60 

8316 

8311 
8318 

8316 

*a is  

8¶16 

8111 

bJlS 

1ao 

8111 

0.a 

0.7 

0.1 
1.1 

1.1 

0.s 

1.8 

4.1 

1 .l 

la.4 

6.a 

- 

1 .a 

1.7 

0.4 

11.0 

1 x 0  

a71 .O 

6.8 

11.0 

0.8 

101.0 

1 .a 

1117.0 

11.0 
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4 .  Micrometeoroid Protection 

c 

Micrometeoroid countermeasures rank with previously discussed 
flammability safeguards as major crew safety concerns for space 
structures. GAC selected flexible polyurethane foam as a 
micrometeoroid barrier of preference for inflatable/deployable 
structures based upon company-sponsored hypervelocity particle impact 
tests conducted at Illinois Institute of Technology and tests 
conducted at GAC’s RTD Dayton facility in the early 1960’s. 

a. Micrometeoroid Protection Material Candidates: 

GAC-sponsored research analyzed different 
material characteristics applied to three-part 
micrometeoroid protection systems consisting of 
a bumper, a 2-inch thick spacer,and a 
structural wall. 

o Of nine candidates tested, Fiberglas cloth 
w a s  selected as the material of choice for a 
bumper. 

o Of candidates tested, flexible polyurethane 
foam was selected as the material of choice 
for a spacer. 

o Of five candidates tested, 
Dacron/polyurethane foam was selected as the 
material of choice for a structural wall. 

o Figure 1 presents types of materials tested 
for micrometeoroid protection systems to be 
used with inflatable or flexible structures 
in space. These data can be used as a 
starting point for additional tests of 
materials alternatives for manned habitats, 
hangars, and other applications. 

b. Micrometeoroid Protection Test Conclusions: 

As a result of hypervelocity tests (0.0045-gram 
particles at 22,000 ft/sec and 0.005-gram part- 
icles at 30,OO ft/sec), it was concluded that 
flexible polyurethane foam of 1.2 pcf density 
was eqivalent to a single sheet of aluminum of 
15 times the mass per unit area. (Thus, a 2- 
inch thickness of 1.2 pcf foam was considered 
to be equivalent to an aluminum sheet 0.53 cm 
thick f1.44 gm/cmil with respect to penetration 
resistance.) 
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o The density of the foam barrier was 
increased in development studies from 1 to 2 
lb/ft3 to provide nonflammable material. 
Increasing density did not increase particle 
penetration barrier characteristics. 

o A different type of barrier material was 
recomnended for the expandable rigidized 
material concept. This applies a flexible 
urethane mesh (Scott Foam 10 PP1) of 1 .8  
lb/ft3 density. The material can serve as a 
basic mechanism for rigidizing structures as 
well as a micrometeoroid barrier since the 
mesh is an ideal substrate for impregnation 
with gelatin resin. (The normally flexible 
mesh material when impregnated, may be 
rigidized by vacuum curing of the resin.) 

o Additional tests will need to be made on 
represensative materials with and without 
rigidization to determine resistance to 
penetration by micrometeoroids and space 
debris. 

5. Spacelab Transfer Tunnel Tests 

GAC conducted leak tests on the Spacelab-Shuttle transfer tunnel: 

a. The flex element material (XA30A553) was 
examined to ensure that the two plies of each 
material were completely bonded together and 
that no residual MEK was trapped in the 
elastomer. (No irregularities, no debonds, no 
blisters were noted before, or after the 
specimen tests.) 

b. Zero permeability was measured for the 
materials over an extended period with helium 
gas, indicating that the material leak rate was 
less than 30 sccm for differential pressures 
of 14.9 psi. 
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c. GAC had to determine whether the Shuttle flex 
section leak test data met the specification 
requirement that a 14.9 psi constant internal 
pressure would not produce leakage exceeding 
0.116 lb/day. 
the internal pressure to decrease with pressure 
as a consequence of leakage while the 
specification was for a leak rate at a constant 
internal pressure of 14.9 psi. GAC developed a 
mathematical model of the system as tested with 
emphasis of the leakage process which permits 
the pressure to decrease with time. GAC then 
validated the model by comparing with the 
measured test data. 

The test was conducted allowing 

6 .  Penetration Leakage Estimates 

Analyses have been performed by GAC to determine how much time an 
astronaut would have to find a puncture leak and repair it. 

a. An extremely small hole of 0.003 inch diameter 
would be very difficult to find, requiring 90 
days for a 510-ft vehicle volume to leak down 
from 11 psi to 8 psi. 
hole of 0.10 inch diameter could probably be found 
by sound, requiring approximately two hours for 
the same pressure decay. ( An astronaut should 
still have adequate time to find and plug such 
a leak before cabin pressure drops to a 
dangerous level.) 

A considerably larger 

7. Crack Propagation Prevention 

GAC conducted a leak-before-burst test of the flex section of the 
Spacelab Transfer Tunnel to determine whether it was stable under 
limit conditions with readily detectable damage. 
be conducted to verify crack propagation containment in other safety- 
critical inflatable/flexible space structure applications. 
intentionally induced parallel and perpendicular yarn cuts did not 
grow or leak significantly when raised to 15.9 psi. 

Similar tests must 

The 
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8 .  The following components and materials were tested by GAC for 
space applications: 

A. 1-Person Expandable Airlock (Figure 2 )  

Fkoject Design, fabrication, and evaluation 
of a 1-person expandable airlock 4 
feet in diameter, 7 feet long 
that could be stored in a minimum 
volume condition when not in use. 

Sponsor/ NASA-LRC; Prototype Constructed 
Contractor by Whittaker 

Construction 
The airlock structure consisted 
of polyester cords and fiber 
glass rings to carry the long- 
itudinal and circumferential 
loads, respectively. A fiber 
glass dome containing valves for 
pressure equalization formed the 
hatch cover. A motor-driven 
mechanism w a s  used to retract 
the airlock into the packaged 
configuration. 

Package Size A deployed-to-retracted pack- 
aging ratio of 4: l  w a s  achieved. 
This might have been improved by 
reducing the stiffness of the 
wall cross section and by apply- 
ing translation plus rotation 
packaging used for Moby Dick. 

Weight 213 pounds total, including 61 
pounds for the retraction 
mechanism. 

Pressurization 10 psi design pressure with 
a safety factor of 5;  tested at 
29.4 psi. 

Conclusions 1-Person Expandable Airlock 
material is a good candidate for 
POWER tunnel material. However, 
requirements for extended use of 
such materials in space will in- 
volve additional factors such as 
fatigue and hot/cold temperature 
extremes which will greatly 
change the final design of 
tunnel material. 

10 



FIGURE 2 1-PERSON EXPANDABLE AIRLOCK 
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B.Spacelab Transfer Tunnel (Figure 3)  

Project Design, fabrication, and evaluation 
of a 4 foot diameter flex section for 
the transfer tunnel between the 
Shuttle crew cabin and Spacelab 
module to minimize interface section 
loads resulting from axial, lateral, 
torsional, and rotational displace- 
ments caused by installation, thermal 
gradients and maneuvering. 

Sponsor/ NASA-M3FC; prototype constructed by 
Contractor GAC under a subcontract with 

McDonnell Douglas Technical Services 
COmpanY 

Construction Flexible elements consist of 2 plies 
of Nomex unidirectional cloth fabric 
coated with Viton B-50 elastomer. 
The fabric plies were wrapped around 
steel beads made from 51 continuous 
wraps of 0.037 inch diameter wire 
with fillets added to the outer dia- 
meters to ensure a smooth transition. 
Debris shields constructed of Kevlar 
29 protected the flexible elements 
from falling debris. 

Package Size The 170.5 inch l a t h  compressed to 
20.5 inches. 

Weight Total 756 pounds included the flex- 
ible structure, bladder, micrometeoroid 
blanket, rings, pulley and cables. 

Conclusions Spacelab Transfer Tunnel material is 
a very good candidate for POWER 
tunnel material. Reliability of this 
material can be further increased by 
the use of higher order Kevlar 
presently available. (Kevlar 49) 
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FIGURE 3 SPACELAB TRANSFER TUNNEL 

13 



8 C. Nomexfliton B-50 Flexible Construction (Figure 4 )  

GAC qualified a flexible fabric consisting of Nomex 
unidirectional cloth coated with Viton B-50 
elastomer for use as an expandable tunnel to 
connect the Shuttle crew cabin to the Spacelab 
module. 
applications for inflatable habitats. 

This material also has potential 

o An even number of multiple layers of Nomex/ 
Viton B-50 qualified material are to be 
laminated together until desired strength is 
obtained. 

o A flexible cable can serve as a bead to 
assure structural integrity during 
deployment and fully inflated operational 
conditions.(This approach has been 
effectively used to eliminate pressure 
leaks. ) 

o A film can be attached to the rigid surface 
inboard of the bead section to eliminate a 
potential leakage path of the bead. 
(Pressure inside the habitat can aid the 
film in its sealing action.) 

o Possible requirements for a foam micrometeoroid 
layer should be determined by tests. 

o A flame barrier (possibly comprised of an 
aluminum foil layer) may or may not be 
required in'combination with the Nomexfliton 
B-50 material. 
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D. Kevlar 29 Flexible Construction (Figure 5 )  

Kevlar 29, a textile fiber, offers an attractive 
alternative to Nomexfliton for expandable tunnel 
and habitable module construction. The material is 
stronger than stainless steel, comparable in weight 
to nylon and dacron, and has higher temperature 
limits than Nomex. 
laminated construction approach: 

CAC proposes a 4-layer 

0 

0 

0 

0 

0 

N o t e  : 

Unstressed inner layers of nylon fabric, 
capran film, EET closed cell foam and 
aluminum foil can comprise a pressure 
bladder. 

Kevlar 29 can be used for a structural layer 
to carry transmitted pressure loads. (See Note) 

Polyurethane foam laminated to a layer of 
nylon fabric can provide a micrometeoroid 
barrier to prevent penetration of the 
bladder by high velocity particles. 

A n  outer cover made of nylon fabric 
laminated to layers of capran film can 
provide a micrometeoroid bumper that also 
serves as a cover encapsulating the system 
surface and thermal control. 

Alternatively, an outer cover comprised of 
multiple layered aluminized mylar sheets 
separated by fabric netting might he used 
for passive thermal control in the space 
environment. 

Kevlar 49 is an improved Kevlar material 
and would be used in lieu of Kevlar 29. 
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Tue, Dec 8,1987 H.O.S.T. Power Requirements Page 1 

H.O.stT. Power Reqyimmenb 
Actuator 

The H.O.S.T. actuator selected for this analysis has the following 
characteristics: 

59.0274 in. length closed 
93.5133 in. length extended 
34.4859 in. extension length 

10 deg. closed 
51.565 deg. extended 

The angle between the plane of the table and the actuator: 

The force capability of the actuator is 1000 lbf along the actuator. 
The actual force applied normal to the tables direction of motion is 

The power required for the actuator and its speed of operation is a 
function of the load applied to the table. If we allow a table force greater 
than that at 10 deg. to be applied to the table then it will stall. 
Therefore the maximum force per actuator is 173.6 lbf or 1041.6 lbf for 
the table. This results in the following forces on the actuators 

The force varies as the inverse of the sine of the angle. 
The following fimctions represent the velocity of the actuator and the 
current requirements for the actuator as a function of load 

173.6 lbf at 10 deg. 
783.3 lbf at 51.6 deg. 

1000 lbf at 10 deg. 
221.7 lbf at 51.6 deg. 

L = axial load on actuator (lbf) 
i = motor current of actuator (amps) 
v = actuator axial velocity (idsec) 

i = 3.5 + O.O035*L ** 
v = 0.6 - O.O002*L ** 
[** Derived from Warner Electric, Electrak 10 Data sheet 7/86 ] 

These hc t ions  were used to determine the overall power requirements 
for the actuators. 

The power control fimction will be performed by individual power 
controllers on each actuator and connected to a microprocessor 
controlled interface on each table. Commands will be sent from the 
command computer in the capsule to the tables via a data buss. The 
controllers will be designed around an H configuration of Power Metal 
Oxide Semiconductor Field Effect Transistors (MOSFET). The average 
efficiency of these controllers is 92.5% and the current requirements for 
the circuitry is 100 milliamps per motor. At  24 volts supply voltage the 
power required per motor is 2.4 watts. 

PowerControk 

Tue, Dec 8,1987 H.O.S.T. Power Requirements Page 1 
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PowerBuss 
For simplicity the power buss is assumed to be 10% longer than the 
distance between tables ,55 meter or 180.4 ft for the total extension. The 
buss was assumed to consist of the equivalent of 6 gauge silver coated 
copper wire. It is assumed that the tables are connected in parallel to 
the buss and only have the losses associated with the distance of the 
table firom the station. ie. the first table's losses are due to 14.4 R of cable 
while the last table's losses are due to 361 ft of cable. 

The power required to fully extend an actuator was computed using the 
functions described above. Next the power controller efficiency was 
applied and then the controller power requirements. This resulted in a 
total power requirement for each actuator. 

PowerRquhmen ts 

amps watts 
4.63 111.21 actuator 
0.38 9.02 controller efficiency losses 
0.1 0 2.40 controller 
5.11 122.63 total power per actuator 

The time required for fidl extension of an actuator is 64.33 sec. 
We will assume that only one table at a time is powered. Therefore the 
time required for a full extension or retraction is 1608.25 sec or 26.8 min. 

The total power losses in the power buss is 1848.06 watts of full 
extension or retraction and varies from 5.69 watts loss at the first table 
to 142.16 watts at the last table with an average loss of 73.92 watts per 
table. 

The total power required for the extension or retraction of a single table 
is 735.78 watts and adding the maximum loss for a table of 142.16 watts, 
the maximum power requirement at any instant is 877.94 watts or a 
current of 36.6 amps . 
If we multiply the power required for a single table times its operational 
time we get the energy requirements for a full extension or retraction of 
H.O.S.T. 

877.94 watts * 64.33 sec = 56477.88 watt-sec 
56477.88 wattisec * 25 tables = 1411947.00 wattisec 
1411947.00 wattisec /3600 sedhr = 392.21 watt-hr 

Tue, Dec 8,1987 Power Buss Page 2 
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POD - ECLSS 

ECLSS General Description 
0 

I 1.0 The POD Environmental Control and Life Support System (ECLSS) 
provides for a single individual for up to 8 hours. The pod ECLSS 
must be replenished between operations. A 16 hour contingency backup 
system has been provided. 
atmosphere’s temperature, humidity, pressure and provides control of 
atmospheric composition. The pod ECLSS also provides air cooling of 
the internal avionics and the detection and suppression of fires. 

The system maintains the pod cabin 

To minimize cost, the pod ECLSS has been designed to be compatible and 
common with the space station ECLSS where practical or has utilized 
off the she1 f hardware from either the Space1 ab/Shuttl e programs or 
from the EVA program. 
Sizing data for the ECLSS hardware and Thermal Control Subsystem is 
provided in the back o f  this section. 

The pod ECLSS is composed of 5 subsystems including the Temperature 
and Humidity Control (THC), Atmosphere Control and Supply (ASC), 
Atmosphere Revitalization (AR), Fire Detection and Suppression (FDS), 
and Water Recovery and Management (WRM). Unlike the station ECLSS, 
only temporary urine collection and no EVA support facilities are 
provided. Summaries of the ECLSS mass, volume and power are shown in 
Figure 2. 

The baseline ECLSS is shown in Figure 1. 

1.1 Temperature and Humidity Control (THC) 

The THC subsystem provides for the control of the pod temperature, 
humidity, and ventilation and provides air cooling for the internal 
avionics. 
crew drink is also provided. The pod cabin air temperature will be 
selectable and controlled within +/- 2 deg F o f  the set point. 

1.2 Atmophere Control and Supply (ASC) 

The pod ACS subsystem provides total pressure control within the pod 
housing. 
vent and relief assemblies. 
limited time the pod is occupied. Leakage makeup is from the oxygen 
supply only. 

A conductive mounting structure to mount a thermos for the 

This subsystem includes the oxygen supply subsystem and the 
No nitrogen supply is provided due to the 
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1.3 Atmosphere Revitalization 

The AR subsystem provides for the removal and collection of metabolic 
carbon dioxide. 
collection system. 
available off the shelf but alternate designs are presented which will 
allow the collection of the Carbon Dioxide for recovery in the Space 
Station. Trace contaminants are controlled by charcoal beds. No 
trace contamination monitoring is provided. The systems is designed 
to allow the entire pod atmosphere to be replaced during periods 
attached to the Station. 

The baseline system is a non-regenerable LiOH 
The baseline is derived from technology that is 

1.4 Fire Detection and Suppression (FDS) 

The FDS subsystem consists of fixed hardware to detect and suppress 
fires in the avionics subsystems. A portable fire suppression device 
is also provided. A fire mask is provided within easy reach of the 
crew to allow the crew to breath after the halogen has been released 
until the pod can return to the station. 

1.5 Water Recovery and Management (WRM) 

The pod WRM provides for the collection o f  urine and condensate during 
the 8 hour operations for recovery in the station. 
monitoring is provided. 
supplies and is stored in portable thermos for use by the crew. 

No water quality 
Potable water is obtained from the station 
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2.1 System Design Loads 

, 

8 
E 
I 
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The pod ECLSS is sized for the Design loads and respirable Atmosphere 
requirements shown bel ow: 

General 
Number o f  crew 
Resupply interval 

1 
8 hours 

THC 
Sweat and respiration water .17 1 bm/man - h r 
Metabolic and Sensible Heat 467.0 Btu/man- hr 
Hygiene Latent water 0.04 1 bm/man-hr 

ACS 
Atmosphere Leakage 
Air vol ume 

0.05 1 bm/day 
221 ft**3 

AR 
Metabolic Oxygen 1.84 1 bm/man-day 
Metabolic Carbon Dioxide 2.20 1 bm/man-day 

FDS 
TBD 

W RM 
Potable water (drink) 
Metabol ic water 
Urine water 

1 .o lbm/8 hr 
0.03 lbm/8 hr 
3.31 lbm/8 hr 

Pod Respirable Atmosphere Requirements 

Parameter Units Operational Emergency 

PPC02 
Temperature 

Venti 1 at ion ft/mi n 15-40 10-200 

mmHg 3.0 12 
deg F 65-80 60-85 

Dew point deg F 40 - 60 35-70 

Total Pressure psia 14.7+/- TBD 14.7 i / -  
PP02 psia 2.83-3.35 2.3-3.45 
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I 
I : j  SYSTEM MSS, VOLUME AND POMR SUMARIES FOR BASELINE ECLSS 

Figure 2 
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0.08 
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5.00 

0.00 
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I ECLSS TOTALS I 200.90 11.28 167.00 216.50 11.28 167.00 I 

17.60 6.86 I '  I PLUM6lHG (20%) I 17.60 6.86 
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Pod Temperature Control System 

3 .1  Pod Temperature Control System (TCS) 

, 

li 

0 
1 

I 

The pod TCS i s  composed o f  an Act ive Thermal Control system (ATCS) 
and a Passive Thermal Control System (PTCS). The ATCS co l l ec ts ,  
t ranspor ts  and r e j e c t s  waste heat from the pod. The ATCS has been 
designed t o  be compatible and common w i t h  the s t a t i o n  where 
p r a c t i c a l .  The PTCS i s  designed t o  i s o l a t e  the pod i n t e r n a l  
atmosphere from the external  environment whi le  minimizing the 
supplemental heat ing requirements. 

3.1.1 Act ive Thermal Control Subsystem (ATCS) 

The basel ine ATCS consists a pumped water loop which r e j e c t s  the  
heat through a l a rge  Body Mounted Radiator (BMR) . 
mounted on a connecting s t ruc tu re  and u t i l i z e s  hardware der ived from 
the  Space S ta t i on  program. 
u t i l i z e s  a vapor compression cyc le  heat pump t o  reduce r a d i a t o r  
area. 

The BMR i s  

An a l te rna te  design i s  provided which 

Figure 3 presents the basel ine system. 

3.1.2 Passive Thermal Control Subsystem (PTCS) 

The pod PTCS uses s t a t i o n  developed construct ion techniques and 
consists o f  h igh q u a l i t y  i nsu la t i on  and surface coatings t o  minimize 
the heat ga in o r  l oss  f r o m  the o r b i t a l  environment. The basel ine 
system uses Mult iLayer Insu la t i on  (MLI) under a meteoniod shield.  

3.2 A1 ternate Heat Rejection Subsystems 

The heat exchanger p o r t i o n  o f  the basel ine system i s  shown i n  Figure 
3.  I t s  advantage i s  the use o f  compatible space s t a t i o n  hardware 
and has l o w  power consumption. The drawback i s  t h a t  i t  requires a 
l a rge  r a d i a t o r  area. Since the POD does not have s u f f i c i e n t  area 
f o r  the basel ine rad ia to r ,  a connecting s t ruc tu re  i s  included 
between the POD and t russ  t o  mount the rad iators .  

A s l i g h t  decrease i n  r a d i a t o r  area can be obtained using Shu t t l e  
der ived hardware ( f reon loop w i t h  s ing le  phase rad ia to r ,  f i g u r e  4 ) .  
However, the power requirement increases and does not  provide 
r a d i a t o r  reduction. A t h i r d  a l t e r n a t i v e  (Figure 5) would reduce the 
r a d i a t o r  area requirement by approximately 70% (140 t o  40 f t**2) 
which might e l iminate the requirement f o r  any e x t r a  POD t r u s s  
s t ruc tu re  f o r  r a d i a t o r  mounting. This approach provides a more 
f l e x i b l e  design and reduced system weight, but  w i t h  a more complex 
and new component development as w e l l  as higher power requirements. 

4.1  Al te rna te  POD Lower Pressure System 

A b r i e f  examination was made o f  a low pressure system f o r  the POD 
(Figure 6), but  the addi t ional  hardware, Oxygen resupply and 
operat ional  impacts l e d  t o  se lect ion o f  the basel ine system t h a t  
uses the  standard 14.7 PSIA Space S ta t i on  pressure. 

1 6 



USES SPACE STATION HARDWARE 

LOWER POWER CONSUMPTION (66 WATTS) 

REQUIRES LARGE RADIATOR AREA (140 FT**2) 

FIGURE 3 
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WATER 
PUMP 

AIR 

CHX 
Hx SINGLE 

PHASE 
RADIATOR 

USES SHUTTLE DERIVED HARDWARE 

REQUIRES MORE POWER THEN TWO PHASE SYSTEM 

LARGE RADIATOR AREA (130 W*2) 

FIGURE 4 
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I CONDENSING 
RADIATOR 

w 
EXPANSION VALVE 

SMALLER RADIATOR AREA (40 FP*2) 

HIGHER POWER REQUIREMENTS (66 + 200 WAlTS) 

MORE COMPLEX 

MORE FLEXIBLE DESIGN 

FIGURE 5 
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Advanced ECLSS Options 

A considerable amount o f  R & D work i s  now going on f o r  t he  ECLS 
systems f o r  both the s t a t i o n  and the EVA s u i t .  The work includes 
rep lac ing the expendable LiOH system w i t h  a regenerative systems. 
This w i l l  a l low the recovery o f  the carbon d iox ide f o r  processing by 
the s t a t i o n  systems. 
i n  the  basel ine because they are not avai lab le a t  present. 
there i s  a considerable amount o f  competit ion going on between two 
systems and ne i the r  appears t o  a c lea r  winner. 
approaches are shown i n  Figures 7 and 8 respect ively.  The f i r s t  
approach (Figure 7) uses a s o l i d  amine, i n  t h i s  case WA-21, t o  
absorb the carbon dioxide. 
process thereby e l  iminat ing the condensing heat exchanger. The 
regeneration hardware would be on board the s tat ion.  The diagram 
shows a removable Carbon Dioxide/Humidity absorber which would be 
changed out between excursions. The crew t ime requi red would be 
s i m i l a r  t o  t h a t  required by the LiOH system. 

Figure 8 shows an Electrochemical approach i n  which the carbon 
d iox ide i s  absorbed i n t o  a aqueous a l k a l i n e  absorbent. Moisture i s  
absorbed i n t o  the absorbent due the p a r t i a l  pressure d i f f e rence  
between the so lu t i on  and the cabin a i r .  The f i g u r e  shows Quick 
Disconnects (QD) which are used t o  replace the a l k a l i n e  absorbent 
between excursions. 

The advanced ECLSS concepts were not  included 
I n  f a c t  

Two possible 

The amine w i l l  absorb water vapor i n  the 

The advanced systems are compared f o r  mass volume and power 
requirements i n  the attached table.  
complexity o f  the systems somewhat and do al low the recovery o f  the 
metabolic products, but the basel ine system appears t o  be 
compet i t ive when considering the power pena l t i es  f o r  the 
regeneration. Both o f  these systems are now being bread boarded for 
t he  EVA s u i t s  and development i s  continuing. The u n i t s  w i l l  perform 
as requi red and the f i n a l  choice o f  the pod ECLSS w i l l  probably be 
d r i ven  by the a v a i l a b i l i t y  o f  these un i t s .  

The new systems reduce the 
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WEIGHT (LBM) 
VOLUME (FT**3) 
POWER (WATTS) 

ADVANCED ECLSS CONCEPT SUMMARIES 

LIOH SOLID AMINE ELECTROCHEMICAL 

6.50 73.00 83.00 
0.17 1.10 1 .oo 
3.50 3.50 1.50 

RESUPPLY WEIGHT (LBM) 195.00 22.00 10.00 
VOLUME (FT**3) 5.10 0.33 0.20 

REGENERATION 
WEIGHT (LBM) 
VOLUME (FT**3) 
POWER (WATTS) 

0.00 70.00 93.00 
0.00 2.00 3.10 
0.00 1200.00 1280.00 

CREW TIME (MINUTES) 
REPLACE 5.00 5.00 5.00 
REGENERATE 0.00 3.00 3.00 
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ECLSS Hardware S iz ing  and Performance 

1.0 Hardware Sizing and Design Loads 

Hardware s i z i n g  and performance a r e  based on Spacelab da ta  
and has been der ived  f rom Spacelab assemblies where possible. 
In some casss t h e  hardware i s  der ived from S h u t t l e  EVA 
equipment. Most components a re  o f f  t h e  s h e l f  i tems. The 
cab in  fan  and Carbon D iox ide  c o n t r o l  assembliers w i l l  be 
sca led down f rom Shutt le/Spacelab hardware. 

Design Loads Far Thermal Cont ro l  Sys tems  

Component wa t t s  

fivi on i c s  7 (3 0 
ECLS 2 4 (1) 
Environmental Gain (Loss) 10(3 (-1 %:I ) 

Netabol i c  137 

15 
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2.0 Cabin Fan 

. 

F1 ow 
Power 
Weight 

A redundant f a n  assembly is requi red.  Loss o f  cab in  
temperature c o n t r o l  and a v i o n i c s  thermal c o n t r o l  cou ld  
produce a l i f e  t h r e a t i n g  s i t u a t i o n .  The f a n  is scaled between 
t h e  IMU f a n  and t h e  Spacelab Avion ics fan.  The volume is 
i nc luded in t h e  Cabin Fan assembly. 

Fan C h a r a c t e r i s t i c s  

550 lbm/hr 
122 wat ts  ma:< 
43.0 1 bm 

2.1 Cabin Fan Assembly 

Cabin f a n  assembly i n c l u d e s  mounting p r o v i s i o n s  f o r  t h e  a i r  
f i l t e r  and Carbon E iox ide  sensor. P rov i s ions  f o r  a redundant 
fan  assembly i s  assumed and weight i nc ludes  check 
valves. 

Power 
Weight 
VO? u m e  

( fan)  
21 lbm 
1.8 f t * * 3  

3. (3 Carbon D iox ide  Co i i t ro l  knsembl y 

The Carbon D i o x i d e  C c n t i - j l  Assembly  is Spacelab deri*,ed and 
i r t c l u d e s  p r o v i s i o n s  f o r  2 installed L i O H  c a r t r i d g e s  crf v r h i c h  
ane is t h e  backup f o r  c o n t i n j m c y  operat ions.  fin additianal 
an board spare p r J v i c e s  t h s  16 hour contingency. The 
assembly i nc ludes  t h e  temperature c o n t r o l  value. 

Power (con t r G l 1  sr s 1 5 wat ts  
Weight  LJ l b  
V o  1 uine 4.2 f t * * 3  

-c 

4.0 Carbon D iox ide  Aboslrber Elements 

One u n i t  i s  rep laced f o r  every 8 hours o f  operat ion.  
Two spare u n i t s  a r s  i n  t h e  F O D  f o r  contingency. T h e  
c z t r t r i d j e s  conta in  LiOH p l u s  charcoal and potassium 
permanganate t o  c o n t r o l  t r a c e  contaminant l e v e l 5  i n  the  FUD. 

Weight 
V o  1 u m e  

4.5 It2 
1.17 f t4WZ 
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5.0 Condensing Heat Exchanger 

Spacelab/Shutt le de r i ved  bu t  approx imate ly  50% smal ler .  

Weight 
Volume 

20 lbm 
1.7 f t * * 3  

6.0 Water Separator Assembly 

Spacelab der ived; approximately 50% smal le r  i nc ludes  r o t a r y  
s e p a r a t w .  The EVA un i ts  a re  appropr ia tE  f o r  t h i s  
a p p l i c a t i o n  bu t  s i r i n g  data w a s  no t  a v a i l a b l e  f o r  t h i s  
exe rc i se  and were est' imated from Spacelsib data. 

Power 
Weight 
Volume 

20 wat ts  
1 4  lbm 
0.8 f t * * 3  

7.0 Condensate Accumulator 

filuminum outer  s h e l l  w i t h  i n t e r n a l  steel bel lows; capac i t y  
i s  1.0 l bs .  N i t rogen pressure from this s t a t i o n  is ~ i s e d  t o  
expel 1 t h e  condensate i n t o  s t a t i o n  recovery  systems. 

Weight 
Volume 

10 l b s  (d ry )  
0.3 f t * * S  

E!. r:) a:.: y g  en Sup p 1 v Tan I:: 

Spher ica l  pressure vessel  w i t h  an Inconnel  l i n e r  and a 
t:::evlar,'Ega:.:y composite overwrap 1 i n e r .  Tank capac i ty  i s  2 
19s. which is a p p r o x i m a t e l y  3 timss t h e  rsquirement t o  a c c o u n t  
f o r  L t l l q e .  

Weight 
V'slume 

6 l b s  
1.5 f t * + k c 3  

S.i:i U r ine  C c l l e c t i o n  Tank 

Same cons t ruc t i on  as condensate accumulator. A charcoal 
f i l t e r  is r e q u i r s d  on t h e  vent t o  cab in  tc prevent odar from 
e s c a p  i q~;. 

Weight 
V e  1 ume 
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10.0 Atmospheric Control  and Supply Subsys;tem 

Th is  hardware is der ived  from EVA equipment which u t i l i z e s  a 
pure oxygen cuppl y system. The pressure r e 1  i e f  assembl i e5 
are  scaled from Spacelab/Shutt le hardware. 

Power 
Weight 
Volume 

3:) wat ts  
5 l b s  
0.3 ft**c3 

. .  

11.0 Thermal Contro l  

Water pump package - mounted i n t e r n a l  t o  POD cabin and 
inc ludes  accumulatar:’ design f l o w  is 450 ta 500 l l i m i h r .  

Power 
Weight 
V a l  ume 

66 wat ts  
45 l b  
1.3 f t**,3 

12.0 Eody Mounted Radiator 

S t a t i o n  der ived hardware w i t h  108 w/m**2 of heat r e j e c t i o n  
a t  1.59 k 5 / m * * 2  weight. BMR i s  s ized  f o r  45OO ETU/hr (1313 
wat ts )  

Grea 
Weight 

Space Radiator c o a l i n g  w i t h  2 phase r a d i a t s r  and heat p i p e  
e f f i c i e n c y  = 0.90 

18 
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Passive Thermal Design Opt ion 

i 

!. 

I -  

I ! 
I 
I 
I 
1 
1 
8 
I 
1 
I 

A c o l d  biased pass ive  design t o  mainta in  t h e  FOD thermal 
environment was examined f o r  f e a s i b i l i t y .  The r e s u l t s  i n d i c a t e d  
t h a t  f o r  nominal c o n d i t i o n s  w i t h  the  proper o p t i c a l  coa t i ngs  on 
the POD e x t e r n a l  sur faces  a pure pass ive design is f e a s i b l e .  The 
t e s t  case used t o  eva lua te  t h e  passive design was a sphere w i t h  
absorptance o f  0.20 and an emmittance o f  0.90. A case w i t h  
h igher  absorptances was a l s o  examined. The POD temperature was 
assumed t o  be un i fo rm 70 dsg F. The un i fo rm sur face  temperature 
cou ld  be ob ta ined by p l a c i n g  heat p ipes  aro-und t h e  circumference 
o f  t h e  POD. Th i s  would e l i m i n a t e  t h e  l a r g e  g rad ien ts  which 
WGuld occur i f  no means of  d i s t r i b u t i n g  t h e  heat i s  pr iwided.  
The s i n k  temperature or  mean r a d i a n t  environment was assumEd tc l  

be -85 deg F. Th is  i s  a p r a c t i c a l  design va lue which does n o t  
t ake  i n t o  account t h e  ac tua l  geometery o f  t h e  s t a t i o n  and 
o r b i t a l  p o s i t i o n .  The est imated ne t  heat gained and o r  l o s t  i s  
presented i n  F igu re  9 f o r  a l l  t h ree  cases examined. 

While t h e  pass ive design can be developed f o r  nominal c o n d i t i o n s  
i t  r e q u i r e s  heaters  t o  ma in ta in  the  environment dur ing  c o l d  
o r i e n t a t i o n s  The h o t  c o n d i t i o n s  i nd i ca ted  t h a t  t h e  environment 
could n o t  be maintained s ince  the re  i s  a ne t  ga in  of heat f rom 
t h e  environment. 

There are  o ther  p r a t i c a l  cons idera t ions  t o  e l i m i n a t i n g  a p a s r i v e  
thermal design i nc lud ing :  fi passive thermal c o n t r o l  would 
r e q u i r e  des ign ing f o r  maximum heat loads i n c l u d i n g  metabal ic  
loads (which can exceed 000 wat ts  under h i g h  s t r e s s  c o n d i t i o n s ) .  
Th i s  fo rces  t h e  design t o  accommodate a t  l e a s t  1600 wat ts  m u '  
would then r e q u i r e  heaters  t o  mainta in  t h e  POD environment 
du r ing  nominal o r i e n t a t i a n s  and would increase t h e  amount oi 
heater powet- r e q u i r e d  d t i r ing  the  c o l d  o r i e n t a t i o n .  9 SECOEC! 
problem i s  lung t s r m  expcsure t o  atisinic mygen and u l t r a v i c l z t  
r a d i a t i o n  which w i l l  degrade t h e  o p t i c a l  p roper t i es .  Th is  wi:l 
f o r c e  t h e  sur+zces to be p e r i a d i c a l l y  regenerated. C: t h i r d  
consideratian is the thercmaf c o n t r o l  a f  t h e  FOD d u r i n g  s tc ragn.  
Cur ing these periisds t h e  equipment will no t  be powered b u t  
heaters  would still be rsact i red t o  mainta in  the  P O D  equipmmt 
and to ensure c o n d e n s a t i ~ n  does not  ccizur. F i n a l  de termina t i ,m 
i z f  a pure pas .z ive  design i r i i l l  r e q u i r e  extens ive anztlysis a n d  
w i l l  probably rec,u l t  i n  o t ie ra t iana l  c z n s t r a i n t s  t o  avoid h igh  
h ~ a t  load cond i t ions .  Therefore ar: a c t i v e  design was choszn s s  
t h e  base l ine  s ince  t h i s  all lzws the  grea tes t  f 1 e x i b i l i t . j  + a r  t l i e  
FOE. 
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POD PASSIVE THERMAL CONTROL DESIGN 

ALPHA 

0.40 
0.20 

ASSUMPTIONS 

E=0.90 E-0.96 

-1,070 -1,234 
350 1,860 

1) MEAN RADIANT ENVIRONMENT TEMPERATURE -85 DEG F 
2) REALISTIC E= 0.9, ALPHA = 0.2 POLISHED ALUMINUM SURFACE 

WHITE CHEMGLAZE ALPHA= 0.2 WILL DEGRADE DUE TO 
ULTRAVIOLET / ATOMIC OXYGEN EXPOSURE 

ALPHA 
0.20 
0.40 

3) SOLAR CONSTANT 429 BTU/HR FT**2 NOMINAL; 444 BTU/HR FT**2 MAX 
4) STEADY STATE 
5) TOTAL SURFACE AREA 11 3 FT**2 

E=0.90 

-2,490 
-2,490 

NOM I NAL 

Q(SOLAR)= 1,420 WATTS (APLHA=.2) 
Q(S0LAR)- 2,840 WATTS (APLHA=.4) 

Q(SPACE)= -2,490 WATTS (E=0.90) 
Q(SPACE)= -2,654 WATTS (E=0.96) 

Q ( N ET) =Q( SO LA R) -Q (S PAC E) 

COLDCASE 
Q(S0LAR) = 0.0 
Q(SPACE)= -2,490 (E=0.90) 

FIGURE 9 
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ALPHA 

0.20 
0.40 

HOT CASE (VIEW FACTOR TO SPACE 0.50) 

225 1,695 
143 1,613 

Q(SOLAR)=I ,470 (A=O.20) -; 2,940 (A-0.40) 
Q(SPACE)= 1,245 (E=0.90) ; 1,327 (E=0.96) 

Q(NET) 

I E=0.90 E=0.96 

* 

TOTAL HEAT REJECTION WOULD INCLUDE EQUIPMENT AND METABOLIC 

PASSIVE DESIGN NOT PRACTICAL 

OTHER ISSUES 
- TOUCH TEMPERATURES (40 TO 113 DEG F) 
- THERMAL GRADIENTS ARE AN ISSURE WITHOUT HEAT PIPES 
- METABOLIC LOADS CAN VARY 100% 

F I G U R E  9 CONTINUED 
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CRFW STATION ANALYSIS 

HUMAN OccUpIED SPACE TELZ0FZRA”C)R 
HOST 

The control pod crew station contains the controls and displays for 
undocking/d&king the pod, directing the pod to its work area, 
operating the robot arms, managing the ECLSS system and the 
associated caution and warning displays for these systems. 
retraints are provided at the workstation. 
robot arm selected, some additional type of restraint such as a waist 
belt may also- be necessary. 

Foot 
Depending on the type of 

It is expected that hand controllers of the type chosen for the 
Station Remote Manipulator will be used to control pod motion. 
capability for automatic positioning of the pod at the work area 
under computer control as well as manual operation would be 
included. The ability to interrupt any automatic sequence would also 
be provided. It is anticipated that it may be valuable to be able to 
freeze the lower sections of the tables from further movement while 
still flying the pod to a work area. If feasible, selection of these 
points would be provided. A backup method of driving the tables in 
the event of failure in the primary comnand system is to be examined. 

The 

The robot arm controls would be dependent on the type of arms 
selected. 
A secondary method for releasing an arm from any grasped object or 
jettison of the affected end effector would be provided. 

No automatic control systems are envisioned for the arms. 

For returning to the docked position, automatic capability is 
planned. This would limit work site activities to those that would 
introduce no new structure over or adjacent to the route of return. 
For manual return to the docked position, either an auxiliary 
workstation with direct viewing or video presentation of the return 
route should be provided. 
ordinated with the visual presentation so that no confusion on 
up/down or right/left would exist. 

In either case, connnand inputs must be co- 

Finally, support systems such as interior/exterior lighting, station 
communications, and a Space Station type caution and warning system 
would be parts of the POD crew operational systems. 

Figure 1 shows the major activities to be performed by the crew on a 
typical series of HOST operations. 

1 
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s PACE STAT IO:J 

V e r i f y  e lec t r ica l  power s t a t u s  of XOST s y s t e m  

O b t a i n  f r e s h  l i t h i u m  h y d r o x i d e  c a n n i s t e r  f o r  pod 

T r a n s l a t e  t o  HOST d o c k i n g  s t a t i o n  

V e r i f y  c o n t r o l  pod i n t e r n a l  p r e s s u r e  s a t i s f a c t o r y  

Open S p a c e  S t a t i o n  d o c k i n g  h a t c h  

IIosr CorrmL POD 

I n s t a l l  f r e s h  l i t h i u m  h y d r o x i d e  c a n n i s t e r  i n  pod ECLSS 

T u r n  on  I!OST power 

A c t i v a t e  pod c o m m u n i c a t i o n s  s y s t e n  and  v e r i f y  

A c t i v a t e  pod XLSS s y s t e m  

V e r i f y  correct o p e r a t i o n  of pod ECLSS s y s t e m  

V e r i f y  correct o p e r a t i o n  of :EST c o n t r o l  sys tcn  

V e r i f y  correct o p e r a t i o n  of !IOST r o b o t  arm s y s t e m  

V e r i f y  correct  o p e r a t i o n  of !IOST l i g h t i n 2  s y s t e m  

Close S p a c e  S t a t i o n  h a t c h  

Close pod h a t c h  

D e p r e s s  d o c k i n g  s t a t i o n  

P e r f o r i i  leak c h e c k  on  d o c k i n g  s t a t i o n  h a t c h e s  

Undock !IOST from d o c k i n g  s t a t i o n  

T r a n s l a t e  !IO)ST t o  e x t e r n a l  s p a r e s  s t o r a g e  area 

Unstow r o b o t  arms 

Select  end e f f e c t o r s  fo r  : i i n in t enance  task 

2 



S e l e c t  r e p l a c e m e n t  LXU 

T r a n s l a t e  w i t h  LRU t o  e x c h a n g e  s i t e  

E x c h a n g e  L2Us 

T r a n s l a t e  w i t h  bad LEU t o  down l o a d  s t o r a g e  81-28 

Stow m a i n t e n a n c e  tas!c end  e f fec tors  

Stow r o b o t  arms 

T r a n s l a t e  iiOST t o  s t r u c t u r a l  a s s e m b l y  xoric area 

Unstow r o b o t  arim 

S e l e c t  end  e f fec tors  f o r  a s s e n b l y  t a s k  a n d  i n s t a l l  

P e r f o r i n  a s s e m b l y  t a s k  

Stow a s s e m b l y  t a s k  end effectors  

Stow r o b o t  arms 

P e r f o r m  a u t o  t r a n s l a t i o n  t o  d o c k i n g  area 

J o c k  3OST 

V e r i f y  dockin;  l a t c h e s  e n g a g e d  

R e p r e s s  d o c k i n g  station 

P e r f o r m  d o c k i n g  s t a t i o n  lealc c h e c ! ~  

E q u a l i z e  pod a n d  d o c k i n g  s t a t i o n  
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